Metastable Radioxenon Verification Laboratory (MRVL)

Introduction
The MRVL system is designed to measure multiple radioxenon isotopes ( 135 Xe, 133 Xe, 133m Xe and 133m Xe) simultaneously. The system has 12 channels to load samples and make nuclear measurements.
Although the MRVL system has demonstrated excellent stability in measurements of Xe-133 and Xe-135 over the year of evaluation prior to delivery, there has been concern about system stability over measurements performed on samples with orders of magnitude different radioactivity, and samples containing multiple isotopes. To address these concerns, a series of evaluation test have been performed at the end-user laboratory. The evaluation was performed in two separate phases. Phase 1 made measurements on isotopically pure Xe-133 from high radioactivity down to the system background levels of activity, addressing the potential count rate dependencies when activities change from extreme high to very low. The second phase performed measurements on samples containing multiple isotopes , and addressed concerns about the dependence of isotopic concentrations on the presence of additional isotopes. The MRVL showed a concentration dependence on the Xe-133 due to the amount of Xe-133m that was in the sample. The dependency is due to the decay of Xe-133m into Xe-133. This document focuses on the second phase and will address the analysis used to account for ingrowth of Xe-133 from Xe-133m.
Verification and Validation
There are two specific impacts of Xe-133m on Xe-133. First, the spectral region used in the beta-gamma detection of Xe-133m is in coincidence with a portion of the region from Xe-133. This overlap means that the portion of the signal that overlaps between Xe-133 and Xe-133m needs to be separated and accounted for in the software algorithm. The second impact of Xe133m on Xe-133 is due to Xe-133m decaying into Xe-133, which means that a portion of the detected Xe-133 concentration does not originate from the Xe-133 that was present when the sample was produced, but is in fact ingrowth from the decay of Xe-133m.
The first impact of Xe-133m is accounted for in the current concentration calculation. This means, the area of overlap between Xe-133m and Xe-133 are subtracted out in the calculation of the Xe-133 concentration, so there will be no influence on Xe-133 concentrations from the number of detected decays of Xe-133m. The second impact of Xe-133m, the ingrowth of Xe-133, is not currently accounted for in the concentration calculations. The ingrowth of Xe-133 from Xe-133m can be accounted for by using a derived equation based on the Bateman equation (Bateman, 1910) .
When the Xe-133 concentration, determined by the MRVL system, is plotted, it deviates from the expected decay curve for Xe-133. The deviation is due to the ingrowth of Xe-133 from Xe133m, which is why this deviation is not observed in pure Xe-133 samples, but is observed in the mixed Xe-133/135 samples that contain Xe-133m as a contaminant. The deviation is shown in blue in Figure 1 where the blue data show the concentration results for Xe-133 from the MRVL. The blue line is a quadratic fit to the data and is illustrative of the deviation from the expected horizontal straight line. The expected horizontal straight line is also shown, and in the case of the Xe-133m concentration reported by the MRVL are shown in green. Finally, when the correction for ingrowth of Xe-133 from Xe-133m, derived from the Bateman equation, is applied the Xe-133 concentration, the data comes in line with the expected Xe-133 decay and can be fit with a horizontal straight line as seen in blue in Figure 1 . The equation used to perform the correction for the ingrowth of Xe-133 from Xe-133m is given by Eq. 1 (Ringbom, 2007) as a form of the Bateman equation. In Eq. 1, there are several terms that need additional explanation. C stands for concentration, where 133 is the concentration of Xe-133m reported by the MRVL and 133 ′ is the concentration of Xe-133 reported by the MRVL. Second, there are six terms ( 1 , 2 , 1 , 2 , 1 , 2 ) that represent the isotopic decay for three times: collection, processing and acquisition. The collection time is set to 1 second since the systems decay-correct back to collection stop. The collection term remains in the concentration calculations to be consistent with the International Monitoring System (IMS) calculation method. The second time is the processing time, which is defined as the time between collection stop and acquisition start. The last time is the acquisition time, which in general is a 1000-minute count. The equation used to account for the Xe-133m decay, which results in biased Xe-133 activity concentration numbers, has been shown to remove the Xe-133 bias that is due to the Xe-133m decay. There is one outstanding issue remaining; where does the correction get applied? The equation can be implemented into the MRVL code that calculates the Xe-133 activity concentration or the equation can be applied at the end-user facility. The decision of where to apply the correction, i.e., in the MRVL system software algorithm or after the data is integrated into the Watchman software, will need to be made in conjunction with the user. Bateman, H. (1910 
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